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ABSTRACT: A system for non-contact measurement
of low flow. ratee of liquid metals using two
trans former converters is deseribed. Changes

in physical parameters along an elliptical chan-
nel in the vieinity of the exciter and gensors
are plotted. : '

Non-contact measurement of low flow,gates of liquid metal cool-/80t
ants is a timely problem. The diagram of an asynchronous flow meter
[1] with two transformer converters, 'shown in Figure 1, has a cri-
terion of transformation efficiency d'ose:tb unity. This means that.
there is a nearly complete transformation iof the disturbance of the-
magnetic flux into a useful signal Ua at the output of the sensor.

A basic component of
the sensor is the channel,
l, with an elliptical cross
section, in which an elec-
trically conductive fluid
moves at a velocity V.. .

lig
The channel is located in
the gap d of the magnetic
circuit of the exciter sys-
tem. The excifer system,
2, is powered by an ac volt-
age Ub’ The two closed mag-

Fig. 1. Diagram of Sensér Design: (1) netic circuits, 3, of the

Channel; (2) Exciter System; (3) Trans- transformer converters run
former Converters, ; through the closed rings in

the conventional circuit of
an asynchronous sensor [2].

As a result of the interaction between the nonuniform magnetic
flux Qex and the moving conducting fluid, currents are induced in

the latter. The c¢urrent density is proportional to the voltage of |
the exciting field, as well as the conductivity and flow rate of !
the fluidu '
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A clear relationship between the current 7 and the flow rate @
exists when the first two parameters remain constant. The nature of /80
the current distribution in the volume of liquid around the continu~
ous rings depends on the distribution of the exciting flux %ex and
the velocity. Theoretical investigations of flow in a nonuniform
magnetlc field encounter: considerable difficulties. Therefore, it
is simpler to use the semi-empirical relationships, which give an
accuracy sufficient for practical applications.

g. 2. Changes in Physical Parameters Along the Channel Axis,
(1) Change in Magnétic Induction under Static Conditions;
(2) Change in Magnetic Induction in a Moving Liquid Metalj
(3) Distribution of the Potential of the Electric Field;

(4) Change in Current Density.

Fig{ 3., Idealized Current Pattern.

Figure 2 shows the experimental curves (1 and 2, solid segments)
for the distribution of magnetic induction along the axis of the
channel. The dashed segments represent extrapolated sections. Curve
1 was obtained under static conditions, where V jg = 0. The solid
segment of Curve 2 characterizes the change 1m thé distribution of
the magnetic field produced by the motion of the liquid metal. Curve
2 is close to the exponent, whose shape facto P can be determined



by'using experimental data. As the measurements show, the magnitude
of ‘the magnetic induction at the point # = 1.5d, y = 0 is about 0.u48-
of the maximum value of B,, at the origin of the coordinates.

Consequently, 0.4830'5 Boe‘P1-5d,

3 R o

' P = OS/d B= B,e-o.u,y ;
J

Sounding measurements indicate that the nature of the distribu-
tion of the electric field potentlal ¢ in a liquid metal along the
axis of the channel (Curve 3) is similar to the law of distribution
of magnetic induction (Curve 2).  Therefore we can analogously as-
sume : : ‘ '

q: e %e—i uld "

where ¢, is the maximum value of the potential at the origin of the
coordinates. Knowing the potential distribution, it is easy to de-
termine the vector field of the voltage E and the current density

i = oF.

Curve 4 in Figure 2 shows the change in density of the induced cur-
rent along the axis of the channel. The distance 7 usually is se-

lected according to design considerations within the limits of 1.5

to 2.5d. The point g is located 1.24 to 1.5d from the ring, where

the current density along the -axis of the channel may be considered
constant in an approximation which is sufficient for practical ap-~

plications.
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Figure 3 is an idealized pattern of currents occupying the
closed ring and the arrangement of the coordinate axes. An inves-
tigation of the nature of the potential distribution ¢ in the rec-
tangle 0 ACB in which the length of side 0,4 is equal to the dis-
tance from pomnt g (Fig. 2) to the ring, is made under the assumptlon
that sides BC and AC are insulated, and the flow of the current in-
ward through side 0;4 and outward through side 0;B is the same. The
lengths of the sides are as follows: 04 = a3 0;B = b, - The problem
is one of solving the equation
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where I is the full current and o is the conductivity of the liquid.

We then multiply (1) by %coskgﬁdx, and integrate within the

limits from 0 to a. For ¢' we obtain the equation
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Integrating (3) under condition (u) and (5), we will have:
e
e 1 ‘;f‘ (6)
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where C is a constant,

Any sectlonally smooth function can be expanded into a Fourier
series by cosines:

- (7).
where ;
(8)
or for our case ‘
A(Q)
tf’ !?"‘"'l(h“'.';)"“ f::. iﬁ%fﬁ-ﬁﬂmié (10)
. = . |

~.
«©
(=]
©0



where (3 is a constant (for example, the potential of the external
field).

Using a method for improving the convergence of a series of
type (10) for solving the first limiting problem for the rectangle
[4], we obtain the final expression for the potential:
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In designing the channel, the potential distribution and the
hydrodynamlc characteristics of the flow portion are taken into ac-
count, :

}

The use of Permalloy as a magnetically soft material for the
closed magnetic conductors allows a considerable decrease in the
sensitivity threshold and an increased coefficient of transmission
for the measurement device.

Temperature compensation is achieved with the aid of a temper-
ature-correction unit [3]. For this purpose the exciter system is
placed in a saturation mode. :

F N TN - 'jzf? A proportional increase in the
i | bV N Y N SR P coefficient of transmission corres-
. ' ' ponds to an increase in the frequen-
‘”H cy of the exciting current. Curve
1 in Figure 4 shows the experimental
characteristic curve of an experi-
mental form of the sensor, whose
. exciter current has a frequency of
400 Hz and is equal tea 0.5 A. Curves

N O ‘2 and 3 were obtained at a frequency
- e BN CR B of 50 Hz and currents of 2 and 1 A,
!4ﬁ N — ”; respectively. .
i | i v AN
| T
%)‘25(/ L - GZ/SEC An asynchronous system for a
?,0 ,aqr. qz' qa o low discharge flow meter was tested

on a system in which a nearly satu-
Fig. k. Experlmental Curves. (1) rated solution of sodium chloride
Exciter Current, 0.5 A,Frequency was circulating. The possibility
400 Hz; (2) 2 A, 50 Hz; (3) 1 A, of non-contact measurement of solu-
50 Hz. ‘ : tions of electrolytes was confirmed

experimentally. The sensitivity
threshold of the experimental sample was 0.35 1l/sec.

We know that the conductivity of electrolytes is 4-5 orders ‘
less than that of liquid metals. Therefore, the sensitivity thresh-
- o0ld of a liquid-metal sensor could logically be assumed to be re-
duced by approximately the same factor. In a liquid-metal system
which the author assembled, it was not possible to establish stable
flow at flow rates less than 0.03 1/sec.



Experimental studies of a sensor with a differential system of
connecting the transformer converters and a differential amplifier
(dc) as the first stage of the amplifier unit confirmed the high
stability of the measurement system with respect to noise.

The dynamic characteristics of the flow meter as a sensitive

element in a feedback circuit for automatic control are determined
with the aid of a transmission function of the form

| W ety (12)

where K is the transmission coefficient of the exciter system, T =
Lo is the time constant of the transformer converter, p is a complex
value and L is the inductance of the "input" winding, or the curve
of current <.
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